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Reducing Drug Discovery Timelines  
When Using Mouse Models 

With the drug discovery timeline 
exceptionally long and late-stage 
failure rates very high, there is 
tremendous pressure to reduce the 
discovery timeframe and bring effective 
therapies to market sooner. How 
investigators approach studies that use 
lab animal models can directly impact 
those goals. Creative approaches to 
rodent model generation and breeding 
can significantly reduce the associated 
timeline, while ensuring the timely 
availability of the high-quality models 
upon which drug discovery depends. 

In Search of Speed
Lab animals, particularly mouse 
models, are critical tools at multiple 
stages of the drug discovery process. 
During target validation, investigators 
might use a mouse model in which 
the gene of interest is deleted or 
over-expressed to assess the effects 
and to explore whether modulation of 
the gene can impact the disease state. 
During pre-clinical development, 
animal models are the tool of choice 
for testing drug safety and efficacy. 
Often, these models are customised 
to suit the study objective. For 
instance, a mouse gene may be 
replaced with its human counterpart 
to more closely mimic the disease 
state. But while customised models 
can provide greater precision and 
translatability, the model generation 
and breeding process can be lengthy. 
With pressure to reduce timelines 
and costs, investigators have a strong 
interest in shortening this process 
where possible.   

A variety of approaches may be 
considered when attempting to 
reduce the model generation timeline, 
some of which have limitations or 
undesired consequences. Waiting 
until after a target has been validated 
before generating the model may 
seem prudent because it increases 
the odds the model will be relevant; 
yet, the downside is a significant 
time lag – upwards of a year in 
some cases. There may be pressure 
to generate multiple models prior 

to target validation and hope one 
proves a suitable match; yet, that 
may or may not save time, certainly 
will not save money, and is not in 
keeping with the 3Rs philosophy 
of reducing animal use. Some labs 
may attempt to speed the genetic 
modification process itself, but that 
often involves reducing the level of 
quality control applied. As a result, 
the time gained typically comes at the 
price of increased risk of introducing 
unwanted genetic modifications, 
which can yield confusing data and 
erroneous conclusions. It can also 
lead to the need to remake the 
model, greatly extending the timeline.

For the drug discovery timeline to 
be accelerated effectively, it also must 
be done prudently to avoid unwanted 
or undesirable consequences. When 
using mice for drug discovery, 
the model and cohort generation 
processes can be accelerated in ways 
that do not sacrifice quality or waste 
resources. In fact, it is possible to cut 
as much as four months from the 
total timeline for model and cohort 
development in certain cases. The 
key lies in leveraging well-established 
and widely available techniques 
while retaining stringent controls. A 
look at the traditional approach to 
model generation and breeding, and 
a feasible alternative, illustrates the 
advantages to be gained.  

The Traditional Approach
At its most basic level, genetically 
engineered mouse model development 
involves first introducing the desired 
modification into the mouse genome, 
then producing founder animals and 
expanding the colony to a size that is 
useful for scientific studies. Genome 
modification can be accomplished 
via traditional techniques such 
as homologous recombination in 
embryonic stem (ES) cells, or newer 
gene editing techniques such as 
CRISPR/Cas9. Once the genome 
is modified, chimeras or founder 
mice are bred to wild-type mice to 
generate a few animals that carry the 

desired genetic mutation. These mice 
are then bred to expand the colony 
and generate an appropriately sized 
cohort for study use. 

The associated timeline depends 
on the genome modification 
technique utilised, as well as the 
number of animals generated in 
the first phase, size of the cohort, 
and required genotype. On average, 
a model generation and breeding 
project using ES cells may take 
40–42 weeks to produce germline-
transmitted heterozygous mice, while 
a project using CRISPR in embryos 
may require only 24 weeks. While 
this reduction in time alone might 
suggest that CRISPR in embryos 
should be used to speed all custom 
model generation projects, the size 
and complexity of the modification 
impacts whether CRISPR is the 
most effective technique. For simple 
genome modifications, such as 
knockouts, small knock-ins, or point 
mutations, CRISPR in embryos is 
often a very effective way to speed 
model generation. However, as the 
modification desired increases in 
length and/or complexity, the cost 
and effort increase greatly and any 
time savings may be eroded.  

For those reasons, more complex 
genome modifications tend to 
require the use of ES cell-based 
targeting. As Figure 1 illustrates, the 
timeline for ES cell-based genome 
modification, generation of chimeras, 
and production of a few heterozygous 
mice averages 42 weeks. To reach 
an appropriately sized experimental 
cohort of homozygous mice may take 
an additional 28 weeks of breeding, 
bringing the total timeline to 70 
weeks. In some cases, that timeline 
may not match the desired schedule 
for the study, nor the overarching 
desire to accelerate drug discovery 
and obtain important data – and 
answers – sooner.   

When complex genome modi- 
fications are required, and a more 
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rapid timeline to experimental 
cohort is desired, it is possible to 
accelerate the process without 
sacrificing quality control by using 
two well-established techniques: 
molecular analysis of sperm and in 
vitro fertilisation (IVF). As Figure 2  
illustrates, use of these methods 
makes it possible to arrive at a 
study-sized cohort of mice with the 
required genetic modifications while 
reducing the timeline by 12-16 weeks 
on average. In turn, investigators 
can get research studies underway 
sooner, obtain faster answers to 
inform key strategic decisions about 
future resource use, and reduce 
the drug discovery timeline and 
associated costs.

The Value of Molecular Analysis  
of Sperm 
Molecular analysis can help speed 
delivery of an experimental cohort 
by identifying the male mice best 
suited to move forward as breeders. 
Using ES cell-based targeting for the 
genome modification step, the ES 
cells are first manipulated in culture 
to achieve the desired mutation, 

then injected into blastocyst-stage 
embryos (at approximately 3½ days 
post-fertilisation). The objective is for 
these ES cells to become integrated 
into the developing embryo and 
become germ cells so that the 
genetic modification is transmitted 
to the next generation. The injected 
embryos become mice that are 
known as chimeras – organisms 
with multiple, genetically distinct 
cell lineages. 

Typically, if the embryos used for 
injection are derived from mice with 
a certain coat colour (e.g., white), 
then the ES cells will be derived from 
mice with a different coat colour (e.g., 
black). The chimera’s resulting coat 

colour – a mix of black and white 
– is traditionally viewed as a good 
visual indication of the percentage 
of germ cells derived from the ES 
cells. With the ES cells taken from a 
black mouse, widespread patches of 
black coat are seen as indicative of 
a high uptake of the ES cells in the 
chimeras. In turn, the chimeras with 
the greatest percentage of the black 

coat colour typically are selected to 
move forward as breeders.

Though this approach is commonly 
used, it has limitations that impact 
its effectiveness. In some instances, 
mice with the desired coat colour 
actually have a low percentage of 
the modified allele, and vice versa. 
When this occurs, it may not be 
discovered until after multiple 
rounds of breeding. As a result, time 
and budget dollars are lost to rounds 
of breeding that have not achieved 
the desired results quickly. 

Molecular analysis of sperm 
can help avoid this potential delay 
by providing a more accurate and 
rational method for selecting male 
chimeras for breeding. Sperm 
from the male chimeras can be 
analysed (e.g., by quantitative PCR) 
to determine the percentage of 
cells that carry the altered allele. 
Rather than rely on coat colour as 
a surrogate indicator, this analytical 
approach gives a direct measure 
of a chimera’s appropriateness for 
breeding to most quickly attain the 
desired genotype in the study cohort. 
In addition, the harvested sperm can 
be analysed to assess the donor’s 
fertility potential, another important 
factor when selecting the most 
appropriate breeders. By obtaining 
this information before breeding 
begins, the investigator can move 
forward with greater confidence 
that the resulting cohort will meet 
the study’s needs.  

Arriving at Study-sized Cohorts 
Rapidly 
Once the most useful chimeras for 
breeding have been selected via 
molecular analysis, the use of IVF 
enables the production of study-sized 
cohorts to occur at an accelerated 
pace. The selected male’s sperm can 
be used to simultaneously fertilise 
hundreds of oocytes, generating a 
large number of offspring faster than 
is possible through natural mating. 
This approach makes it possible to 
greatly scale up the offspring output 
to a cohort size required for the 
study, on a shorter timeline. 

In addition to accelerating the 
time to cohort, IVF can yield several 
other advantages that reduce 
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timelines and afford flexibility. Since 
IVF progresses on a more predictable 
timeline than natural mating, it 
allows investigators to plan for their 
studies more effectively. Because 
multiple rounds of chimera breeding 
can be skipped, the total time to 
arrive at a suitable cohort size can 
be reduced by three to four months. 
IVF also offers the flexibility to breed 
animals at whichever health status 
the investigator deems preferable for 
a given study; in some instances, a 
highly restrictive health status, even 
a germ-free status, may be required.   

Another important component 
of this strategy is the production of 
chimeric males that lack a selectable 
marker cassette, thus obviating the 
need to mate the genetically modified 
mice to a recombinase-expressing 
mouse line and the addition of an 
extra breeding generation. This can 
be accomplished in a number of 
different ways, including: in vitro 
deletion of a standard selection 
cassette in ES cells by recombinase 
transfection, in vivo deletion in the 
male germ line using self-excising 
selection cassettes, or by performing 
CRISPR in ES cells. The use of 
CRISPR in ES cells simplifies vector 
construction, and because of the 
relatively high efficiency of genome 
modification and ability to screen 
multiple clones, the vector does not 
need to contain a selectable marker.          

Real-world Results
By combining molecular analysis for 
chimera selection and IVF for rapid 
cohort expansion, it is possible to 
obtain a cohort of the necessary 
size much faster than with traditional 
techniques. Data from two real-world 
custom model generation projects, 
both employing CRISPR in ES cells, 
demonstrated the ability of this 
approach to ensure selection of the 
breeders with the highest percentage 
of modified allele, thereby avoiding 
the time and expense of potentially 
unproductive rounds of breeding. 
Both projects illustrated that while 
coat colour is traditionally used in 
the selection of the most appropriate 
breeders, it is not always an accurate 
indicator of germline transmission.

In the first project (Figure 3), 
chimera #1 had nearly 80 per cent 

desired coat colour, yet only about 
15 per cent of the sperm had the 
modified allele as determined by 
molecular analysis. While visual 
inspection alone would have 
identified chimera #1 as a good 
choice for breeding, after several 
rounds of breeding it would have 
been determined that, in fact, this 
male was a poor choice. Similarly, 
chimera #3 did not have a strong 
correlation between coat colour and 
percentage of sperm carrying the 
modified allele. Cryopreserved sperm 
from chimera # 2 was used in an IVF 
with oocytes derived from wild-type 
females. All 76 of the pups born in 
project 1 were black, indicating 100% 
germ line transmission of the ES 
cells. Genotyping revealed that all 
76 pups were heterozygotes, which 
was expected because the original 
ES cell clone was homozygous for 
the genetic modification. 

A second project, also illustrated 
in Figure 3, yielded similar results. 
Based on coat colour alone, chimeras 
#1 and/or #4 would have been 
selected for breeding; however, 
molecular analysis revealed that 
chimera #4 would be the better 
choice. Moreover, chimeras #3 and #6 
would likely not have been considered 
for breeding, but molecular analysis 
showed that both chimeras would be 
reasonable choices. Cryopreserved 
sperm from chimera #2 was used 
in an IVF with oocytes derived from 
wild-type females. Sperm from 
chimera #2 was chosen over chimera 
#4 because it was determined that 
the sperm from chimera #2 had a 
significantly higher fertility rate (71% 

vs. 53%). All 79 pups born as a result 
of this IVF were black, indicating 
100% germ line transmission of 
the ES cells. Because the original 
ES cell clone was heterozygous 
for the genetic modification, it was 
expected that 39 of the 79 offspring 
would be heterozygotes. Of the 72 
mice genotyped, 34 (or 47%) were 
heterozygous, which was consistent 
with expectations. 

The use of molecular analysis for 
selection of the most appropriate 
breeders, combined with IVF for rapid 
expansion to the necessary cohort 
size, has proven a highly rational and 
accurate strategy for approaching 
mouse model generation and 
breeding when genome modifications 
are accomplished using ES cells. By 
leveraging these well-established 
techniques, investigators can move 
forward with pre-clinical studies 
sooner, obtain the information 
needed for strategic decision-
making faster, and reduce both the 
timeline and associated costs of drug 
discovery.Ac ortuis cre pra viderte in 
tus Cat, pere faciam ima, ia ad


